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- ADBSTRACT
‘\ YLhe clfectiveress of T- ond T-section .
Coring stifficuees i saioly syrnnmetrie shelly
4t alx.rﬂoim, '\-uany ﬁymumtx-ig deformations
Cisexamined under the assamption that the
hicknesses
of the uum.ncrs are sraall compared to the
sther diinensiung. Curves ave prescated for
staining the ctfedtive area and the flange
L ogteens of Testisfeuurn, A!.puv:ilua!-‘ fornmulas
e tirfeners wih depthoof stiffeace small

‘3 uvnparc.«l to the radini of t..c shell’are also’

[LoX3 .m-d ( )

m'ruo'nu(: TION

In the works :::' ‘Von ‘iauden and Gum!u."
nlm_; the axix ymn-...ric behavior of ring stiffeaed circalar cylimlrical .alu:lla under

- uniform presance numl,. the cl‘fu.t of nl wcement of the .stll'rcncr (fr une) mv..y .

- frois the middlc scriace of the shell is not <
- custoiaavy with ma-y investigators to assume, arbitvacity '\

sonsidared, Iudead it haz Lacone.
Ohny Boe Yt iR 'lw
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the mlddle surf..cc ﬂf the n-«u

Trilling® bad eecor a. el and wsed

. o
A-r s.ar'y T 'ynr\r 1933, hnwcvar,

thu claaaical L.m. ey ul.\'_focv.; thick cylinder i
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Mo = («/n »? m
; Ha die rading
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of the center of. gr.:'nty of tha fraaue,  This solation hased un t)us SN m.ption.
nevertheless, i iz erroc becanse it icils in con: ..dm eqquilibricoallnwever, a

" brief outlinc of the proper ﬁ')lllllnn voich eennlts Jo the corer «,do fnctor R/Ru
:\pp:.ﬂrs in a "tu' 'nal"sl-o. :

Wilson obtairs 2 more coryee solttion basid vion the Leood steess distrla
‘batton for the web which he oo Doty (1 et
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L Lreprascated by

P R LT "(“/Rs')n. . ‘(vZ)
el v'ig "-)Ii,f:obn '3 r. -1, and a is less than qr greator tv van l‘+ 2v, accord-
v e feeae 15 1 Lranl 0w cxternal,and to praesent cusves to. facilitate
S tation of Agand v frame stross,
' DERIVATION
Ccorst AT TJL‘SPLACE - ENT -
- 'iumo 50 tlmt the -3 me (Fxgure !f iz loaded by a r..ual loud. q pcr-unit-length.
at the cylindrical shell 7ith rodius Rg. Further assume that the effect of radial
“atraing ¢p,0n the radiz! ¢ ..pl.tct.ments, w, is small 30 that w may be aasumed to be
constant acrosg the se::on,  If the radial siress is also assumed negligible, the
lrcmutrrcntml strcz—:: z3s 18 given by
' ¢z = ~ Ew/r 4 } T ¢
wlu. :re r is the radius ": a particular. pomt of the scction ..nd E is Yonng s
modu lus, Then cons:-t:m,; equx!wnum ‘
' c 13 fc¢ dA (4)
Procm.ding with .13 mclhod ol’ Wilson we write
s sa R°+z
Cand L

—~—

_ N
S SERNTACEEN | -

(5)
R S I o ——
; - piigiogiy i Py - - —
-=<t--F e e dotesesibynseagt Rodipctp ek AN
B e e A ety . A'.. ’ B
[ 2 . ' . L
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Ry 1 Ry, Ry, Rg . o
Figurr 1 - Locding and Nomuenclature of Ring Stiffencr .
. (Frame)
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The infégraﬁon indicated: in Equarrtlon {4) may be performed by intcgrating

piccewise over the frame and summing the results.. Then if Ro ia taken as the

radius to the center o{ ﬂravity. Rj, of cach piece so that [z dA vanishes for each

‘ ‘piece,
) . . ) . N - . ll N - ., . - - o
qR"’— .,Ew ;(AJR{)(I +rir) ‘ o - (7) B

wln.rc A, and Ii are the arca and moment of. inerua ::spcctively of a piece.

The effective arca is defined as -
‘A =,-qn'/(sw). A T8
,.Smce the assumption of constant. dcflection is arbit'ary and gcncrallyh/(AiR‘) «l.
it is ncglected -and combination of Equations (7) and GS) yieldn - .
CAes T AUR/RY. L UL

If no subdivislon of the stiftcner is mafle then Equatian (9) rcducen o Fquation (2)
wnh n= 1, . . . .

' ‘VARYING DlSPLACEMENT

: . The usumption of constant w across the depth ot a stiffener can be eliminated
" by application of the classical Lame thick cylinder analysis to the various com-

ponents of the stiffener. Howszver, for this method the thickness of the frame
flanges and web will be ‘assnmed small compaved to other dimensions ard the -

_effect of the three-~dimensic ..l stress condition at the junctures will be neglected.,

" First conside} a llmple'rectangular ring of thickness, t, perpendicular to

the radius, loaded cxternally hy a tensile radial force, qo, per-unit-length at

‘radius b and internally by tensile radial force,’ Qs per-unit-length at radiue a,

. The radial deflections, wh at the nutside radius of the ring and wa at tho insido

mdiun of tho ring, are glven by:

. 24 al - b - al 2q; L
wy bqo b 4+ a v{ alr 2ba® qi , (10)
: Et bla al Et(b‘ a'n S
and. B - ra N PR
_=2bta “aqi [b® +a +v(b n) :
was _..._._q_°7 : q — (“)7
Etbd - a?) L ‘ b - al ‘
'-By rcplaclng ath by lRw and (b - a)t by Aw Equauons (10) and {11) can bo .
wrltton : .
"'lo Y " 2 bat qy
W2 zEA v [b n v(b "‘”*EA.nw ()
-bd ‘ s ' -
wg = b aq0 aqi’ lbl + ‘l + v(b‘ o '3" ) . (13)

EAwRw  2EAwRw

e e e Ay

v oeas B SFematm o

P

e

ot e

B T I
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j It‘ 1t is assumed that.

N

-alqy.

el (14) -

Wa s

which: uﬂfxm_s A. a3 an effective ilam,c areaat r= a, then cow bimng Equ:\tlonl

C{12), {13)-and (14 t) will give

\Vb_o .. ' (15)

bqo [ a[b? +ad —v(h? - a“]+(A,/t)(b' - a*)n ~v) .
E 2AURw o + Ai[b? +a? +v(b? - a?)] )

From Equatxons (8) and (15) the ef{eczive arcaatra b i.

. | aAyRwa + Ai[bE 4a +v(bl = a®)] N
Ap=b wiw .. (16)
o ‘{alb” af - v(b? - a?) J+(A/ 06T - al) (1 - vE) S

: l‘ Now lettingb = Rw +dand a= Rw = 4, Equation (16) r,ég!ucel ’tAd: )

podb/Re) + Ab/)[ 1 + 2V(d/Rud + (/Kb ]

S un .

Apr T 21(d/Ry) +(¢/Rw)? [1+ 41 =v]) (Rw/a)(A:/Aw)]
- Sim:lar!y aeuing : : | , o ,
obleg I - E -
TR e
- the elfucuvc arc.a at raaie ’ - - ;
A Aw( o/ Rw) + Aota/b)[n zv(d/nw) + (d/Ru)? L . :
a!

1+ zv(d/aw) +(d/Rw)? (1 + 401 = v*)(a7buwAwn

If Aj and Ag are of the same order of magnitude as Aw md if d/ Rw is mtﬂclenuy
small so that (:‘/Rv)' can be neglected c.ompared to 1, then

+ As(R./R&)

Aba Awms/n-.,) b v (zo) ‘

't can be nhown that within the same accuracy. te. (d/Rw)‘ <« 1, Equation (20) is

‘ Lquivalent to

AB"A(ROIMI..' . ’. - o ) . ‘(ZI)W

This equntlon la the same as. Equation {2) wuh ns HZ v.
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3 T s . Equatiors (11) and {19) can now be appA‘ed to the internal frama h Flguro 1
- - and a similar exu.rnal frame respectively resulting in
. - - 'A Awl(Re/Ru) + m(Rs/nn)[uzv(d/nwn(d‘/nw)']
oo - . =
' ' N PV Hd/R\v)‘ (VAR R AR AW
' Arz(Rs/Rn) o I o {22)

-y

" where' Anhcludes only the cutst'\nding legs o! the faying Ihnge and hence
Ry s '/. (Ra#Rr) - o I @
and 7 ’ 7 '

a’.*n/,,a.‘_.a,.|. [ .

In Equatim (22) and the equations that Iollow, the upper signs ref«.r to extcrnal
frnmos and the lower aigns reler to internal frnmel. .

- Setting ) . . ] ‘
‘ L “depth of frame I L (28)
2 = ZQ/R. * radiul of shell : : {23)
RysRgad & radius to center of web o o B (26
and o ) . : ) B ) o
K'-A,,/Aw. e . U € 1)

and assuming a T-section hence

A=,
ihen ‘ o o
Ro- Re [L‘_*.ELML*.LL T S (28
; ) S - 1 +K L B
R ey e
; . o Cem—pe—— {132
- . ‘ - Ae 1 2% 14 th Zap
. o : s v 4 {29)
ALY uzv--"-- +(—JL-‘ ‘ ) [qu -vh -—-P-“’ x] B
) ; .. Plotsaof n in Equation (2) lor a ‘l‘ frame (A" 2 0) as a funcuon of p and K are
T ‘ : ‘ T prooented in Figures 2, 3 and 4, The valucs of n for Figures 2, 3 and 4 are less
: : ‘ than 1 ¢ 2v for internul frames and greater than 1 + 2v for external frames, ' Plote -

. N - of Equation (29) are prelen!ed in !-‘lguru 8, 6 and 7 to facilitato computauon of A. .
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 STRESSES-

Increasc of the effective frane area above the actual frame area implies a
corresponding increase in the average f-ame sircss, Hence, particularly for
iat.vnal frames, knowledge of the frame flange stress is impociant in order to
guasd agalast prematare frame failure, - From Equations-(13) and (14) the frame
flange strecs,op, for an.intecnal T-frame is:’ o

,EW:VRI 7 .
DR T o T i e 5

Ry = "AwR R4 v
B R = I‘[R,zs*ki‘”u?"w")] :

The mean frama stress,am, is

C’m’ S—

Rgqg B . : ’r"m)

‘:md ‘the erfectlvc friine strs ss, 0o is

o a.q./A.g e

from which

ople =[2A?- 9)]‘/(1 -vau -p)¢ | o
[pAZ - 2)]* [1 4 201 «¥2)2 - p)xvu-pm. R £ )
Simnarly for c‘ternal tramn ,‘

o lo, = (U2 +p)]l/{|+2vp/(z4p)+ , - o
etz 4 o)) (14 21 -V‘)(Hp)K/(th) R (34

' P'ots of Y‘qn.\o.ions {33) and (34) are prnsentcd in Flgurcs S. 9 and 10, . An approxi

mation siwnilar to that for Lquation (ll) give'

U fo s (R/R " (35

12
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